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Abstract

To determine whether necrosis induced by pre-operative chemotherapy correlates with the rate of systemic and local relapse, may
change the pattern of relapse and/or may modify the chance of success of post-relapse treatments, we evaluated 881 patients with
non-metastatic osteosarcoma of the extremities treated with five different protocols of neoadjuvant chemotherapy and surgery at the
same institution between 1983 and 1999. The 5-year disease-free survival (DFS) and overall survival (OS) correlated significantly
with the histological response to chemotherapy. Five-year DFS and OS in good and poor responders were 67.9% versus 51.3%
(P < 0.0001) and 78.4% versus 63.7% (P < 0.0001), respectively. The prognostic value of the histological response was valid only
for osteoblastic and telangiectatic osteosarcoma subtypes. Nonetheless, since they represent more than 70% of all osteosarcomas,
we conclude that chemotherapy-induced necrosis has a significant prognostic value, regardless of the type of chemotherapy per-
formed after surgery.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Inducedpathological necrosis has been shown tobe the
best prognostic factor for patients with osteosarcoma of
the extremities [1–10]. However, in order to grade the his-
tological response to chemotherapy, different criteria of
evaluation have been used. Huvos and colleagues [11]
proposed a 4-grade scale, Salzer-Kuntschik and col-
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leagues [12] a 6-grade scale, Ayala and colleagues [13] a
3-grade scale. Many others authors [1–3,9,14,15] ex-
pressed these data as percentages of necrotic tissue, thus
good responder patients were those with necrosis P95%
[1,4–6],P90% [6,7,14,15] orP60% [2,3,9]. For these rea-
sons, a comparison between different series is impossible
and, up to now, there have not been large series of patients
from a single institution to verify the real prognostic value
of chemotherapy-induced necrosis. Moreover, there are
no studies analysing differences in patterns of relapse
and outcome of post-relapse treatment according to his-
tological response to pre-operative chemotherapy.
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The aim of this study was to determine the prognostic
significance of histological response to pre-operative
treatment in 881 patients with non-metastatic osteosar-
coma of the extremities treated at the same institution,
as well as to evaluate whether the pattern of relapse
and post-relapse outcome are different in good and poor
responder patients.
2. Materials and methods

2.1. Patient selection, pathology and pre-operative

evaluation

Patients were considered eligible for the neoadju-
vant trials if they fulfilled the following criteria: typi-
cal radiographical and histological features of
primary, high-grade, central osteosarcoma; tumour lo-
cated in the extremity; no previous history of cancer
and no prior treatments; age under 40 years; no asso-
ciated disease contraindicating chemotherapy; and no
evidence of metastases at diagnosis. Of the newly
diagnosed cases of osteosarcoma observed at the
authors� institution between March 1983 and June
1999, 900 patients were eligible for the study. All
the eligible patients were offered a neoadjuvant treat-
ment after having been informed of the potential
Table 1
Histological response according to patients� characteristics

Characteristic Number of cases (total = 881) G

Age (years)
614 367 62
>14 514 60

Gender
Male 511 59
Female 370 65

Volume
6150 ml 389 51
>150 ml 419 49

Pathological fracture 62 8

Site
Femur 465 63
Tibia 240 62
Humerus 109 57
Other bones 67 54

Serum alkaline phosphatase
Normal 547 63
Elevated 334 59

Histological subtype
Osteoblastic 574 62
Chondroblastic 85 51
Fibroblastic 76 60
Telangiectatic 62 87
Not classifiable 78 52
Others 6 67
advantages and risks. Of the 900 eligible patients, 19
declined to enter the study so they were treated at
our institution: only by surgery (10), by adjuvant che-
motherapy (5), or moved to other centers (4). The
remaining 881 patients, entered the study. Their char-
acteristics are shown in Table 1.

The diagnosis of osteosarcoma, established by clin-
ical and radiological findings, was always confirmed
on histological slides of tumour tissue obtained from
an open or needle biopsy as well as from the resected
specimen. Osteosarcomas were classified as �classic�,
telangiectatic, small cell osteosarcoma. On the basis
of predominant cells and intercellular material, �classic�
osteosarcoma were classified into the following sub-
types: osteoblastic, fibroblastic and chondroblastic.
This distinction, always made on surgical specimens,
was possible in all but 78 cases, which were defined
as �classic-non-classifiable�. All patients had a complete
history taken, a thorough physical examination and
several biochemical tests. The primary tumour was
evaluated on standard radiographs, technetium-99
methylenediphosphonate (Tc-99 MDP) bone scans,
and computed tomography (CT) scans. Magnetic reso-
nance imaging (MRI) was performed only in the 220
most recent cases. Bone metastases were investigated
with total body scan, whereas CT scans of the chest
were used to exclude lung metastases.
ood responders (%) Poor responders (%) P

38 0.17
40

41 0.07
35

35 0.08
65

6 0.23

37 0.29
38
43
46

37 0.31
41

38 0.0001
49
40
13
48
33
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2.2. Chemotherapy, surgery, pathological evaluation and

follow-up

Patients were treated according to five different neo-
adjuvant protocols of chemotherapy, with different,
pre- and post-operative combinations of methotrexate,
cisplatinum, doxorubicin and ifosfamide, successively
activated, as summarized in Table 2, and reported in de-
tail previously [14,18–21].

Surgery was scheduled 3 weeks after the end of pre-
operative chemotherapy. Before surgery, the tumour
was re-staged to assess its extension after pre-operative
treatment. The type of surgery (amputation, rotation
plasty or limb salvage), as well as the type of reconstruc-
tion after resection (prosthesis, Kunstscher rod or plate
and cement, vascularized fibula combined with allograft,
allograft and autograft) were chosen depending on the
location and extension of the tumour, neurovascular
structure involvement, skeletal maturity, desired lifestyle
and presence of complicating factors, such as displaced
pathological fractures or infected biopsy sites. In order
to perform conservative surgery, it was always manda-
tory that the pre-operative staging assured the possibil-
ity of achieving wide surgical margins together with limb
partial functionality.

After surgery, surgeons and pathologists reviewed the
gross specimens to determine surgical margins, that were
classified �adequate� if radical or wide, and �inadequate�
if marginal, intralesional, or contaminated, according
to Enneking�s classification [16]. The histological re-
sponse to chemotherapy was evaluated following the
method previously reported [17] and the grade of necro-
sis expressed as a percentage of dead tumour cells. The
histological response was graded as �good� (90% or more
tumour necrosis) or �poor� (less than 90% tumour necro-
sis). These two grades correspond approximately to
grades III and IV and to grades I and II of the descrip-
tive classification proposed by Rosen and colleagues [1]
and followed by many authors.

During post-operative chemotherapy, besides the clin-
ical evaluation, patients were checked every 2 months
Table 2
Protocols of neoadjuvant chemotherapy

Protocol (references) Period Pre-operative treatment

IOR/OS-N1 [14] 1983–1986 HDMTX–CDP versus MTX–CD

IOR/OS-N2 [21] 1986–1989 MTX–CDP–ADM

IOR/OS-N3 [19] 1990–1993 MTX–CDP–LDADM

IOR/OS-N4 [18] 1994–1995 HDMTX–CDP–ADM–IFO
IOR/OS-N5 [20] 1996–1999 HDMTX–CDP–ADM–HDIFO

MTX, methotrexate (LD, low-dose, HD, high-dose); CDP, cisplatin; A
cin + cyclophosphamide + dactinomycin; IFO, ifosfamide (LD, low-dose, H
with radiographs or CT scan of the chest and the oper-
ated limb, depending on the date of the control. Addi-
tional investigations were performed only if there was a
clinical and/or radiographic suspicion of relapse. After
completion of chemotherapy, patients were followed in
the outpatient clinic with radiographs and/or CT scans
every 2 months for 2 years, every 3 months in the third
year and then every 6 months.

2.3. Post-relapse treatment

The type of treatment performed to treat metastases
and local recurrence in relapsed patients was not stan-
dardized but performed on an individual basis, depend-
ing on the type of relapse, local and/or systemic, the site
and number of metastases, the length of the relapse-free
interval and the type of chemotherapy previously re-
ceived. In addition, since our study considered patients
treated over a very long period, methods for diagnosis
and surgical techniques were different, so the time of re-
lapse determined the type of treatment received. None-
theless, the key point of treatment for all patients
followed at our institution was the surgical removal of
metastases and/or of local relapse whenever possible.
A second-line chemotherapy, performed with drugs
not previously used or with higher doses of pre-relapse
treatment drugs, was generally given, with the exception
of those patients who relapsed with only one or two pul-
monary metastases after a relapse-free interval of 2 or
more years. When, after the first relapse, further relapses
occurred, no codified treatments were performed. It
must also be remembered that most patients preferred
to move to other institutions after the second relapse.

2.4. Statistics

Since the major aim of the study was to correlate dis-
ease-free survival (DFS) to the histological response to
chemotherapy, 13 patients who died of chemotherapy
toxicity and six who died of causes unrelated to tumour
or treatment were not considered. Only metastases and
Post-operative treatment

P Good responders: MTX–CDP ADM
Poor responders: ADM–BCD
Good responders: MTX–CDP–ADM
Poor responders: MTX–CDP–ADM–IFO–ETO
Good responders: MTX–CDP–LDADM
Poor responders: MTX–CDP–LDADM–IFO–ETO
Good & poor responders: HDMTX–CDP–ADM–IFO
Good responders: HDMTX–CDP–ADM–HDIFO (3 cycles)
Poor responders: HDMTX–CDP–ADM–HDIFO (4 cycles)

DM, doxorubicin (LD, low-dose, HD, high-dose); BCD, bleomy-
D, high-dose); ETO, etoposide.
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local recurrences were considered adverse events in this
study. Overall survival (OS) was also evaluated, but
the relative data should be considered with caution.
When recurrent disease occurred, the post-relapse treat-
ment was not homogeneous and changed markedly dur-
ing the 16-year study period.

DFS was calculated from the first day of pre-opera-
tive chemotherapy to the first adverse event or to the
most recent follow-up examination; OS was calculated
from the first day of chemotherapy until death. The sur-
vival curves were calculated according to the Kaplan–
Meier method and compared by means of the long-rank
test. Cox proportional hazards regression analyses was
used for multivariate analyses, to test predictive factors
for survival. The frequency of distribution of different
parameters was compared among groups of patients
by means of the v2 test. Significance was set at P < 0.05.
Table 3
Multivariate analysis for prognostic factors

Relative risk 95% CI Wald test

Serum alkaline phosphatase
Normal 1 1.71–2.76 P < 0.0005
Elevated 2.18

Histological response
Good 1 1.53– 2.47 P < 0.0005
Poor 1.94

CI, confidence interval.
3. Results

3.1. Surgery

As regards surgery, 753 patients (85.4%) were treated
with limb salvage, 90 (10.2%) with amputation and 38
(4.2%) with rotation plasty. According to the histologi-
cal response to pre-operative surgery the rate of limb
salvage was significantly higher for good responder pa-
tients than for poor responders (89.5% versus 79.3%,
P < 0.0001). The surgical margins were adequate in
811 patients (92%) and inadequate in 70 (8%). Accord-
ing to the histological response to chemotherapy the sur-
gical margins were adequate in 91.8% of good
responders and 92.3% in poor responders (P < 0.91).

3.2. Histological response to pre-operative treatment

As reported in Table 1, for patients who received a
neoadjuvant treatment, the chemotherapy-related tu-
mour necrosis was good in 542 (62%) and poor in 339
(38%). The rate of good histological responses was not
related to patient�s age, site or size of tumour, or to ser-
um levels of alkaline phosphatase (AP) at presentation.
The rate of good histological response was slightly bet-
ter for females than for males (P < 0.07) and in patients
with smaller tumours (P < 0.08). However neither differ-
ences were significant. According to the histological sub-
type, patients with chondroblastic tumours showed a
significantly lower percentage of good responses com-
pared with the other subtypes (50% versus 63%,
P < 0.01), while the telangiectatic osteosarcoma had a
significant higher rate of good histological response
(87% versus 60%, P < 0.0001). According to the chemo-
therapy protocol, the rate of good histological response
was significantly lower for the 127 patients who pre-
operatively received a two-drug regimen than the rate
of the 370 and 384 patients who received a three- or
four-drug regimens, respectively (46%, 59%, 64%;
P < 0.0005). Among patients pre-operatively treated
with a three- or four-drug regimen there were no signif-
icant differences in terms of histological response.

3.3. Event-free survival

At a median follow-up of 11 years, 531 patients (59%)
remained continuously event-free, 350 relapsed (38.9%),
12 died of chemotherapy toxicity (1.3%) and 7 died of
other reasons (two suicides, two pulmonary embolisms,
1 complication of central venous catheter (CVC), 1 car
crash and 1 second malignancy). The 5-year event-free
survival (EFS) andOS for all the 900 eligible patients were
60.2% (95% CI 51–68%) and 71.2% (95% CI 54–88%),
respectively, while if we consider only the 881 patients
who entered the study and were evaluable for histological
response as a prognostic factor, DFS and OS are
61.5% (95% CI 45–77%) and 72.7% (95% CI 55–88%),
respectively.

At the univariate analysis, the 5-year DFS rate was
not related to gender, site and volume of the tumour,
presence of pathological fracture or surgical margins;
while it was significantly higher in patients with nor-
mal values of AP: 71.2% (95% CI 63–79%) versus

45.9% (95% CI 28–63%) (P < 0.0001) in patients surgi-
cally treated with limb salvage or rotation plasty:
63.1%, 59.5%, 48.9% (P < 0.03) and for poor respond-
ers to pre-operative chemotherapy: 68.1% (95% CI 50–
86%) versus 31.9% (95% CI 209–56%) (P < 0.00001).
At the multivariate analyses (Table 3), the type of sur-
gery lost its prognostic significance. It is important to
stress that the prognostic value of the histological re-
sponse was true for all but one of the five protocols.
In fact, chemotherapy-induced necrosis was not a sig-
nificant prognostic factor in protocol IOR/OS-N5.
Among the 410 good responders, we further compared
those with necrosis between 90% and 99% and pa-
tients with total necrosis, and the rate of 5-year
DFS were 65.6% (95% CI 55–76%) versus 75.0%
(95% CI 58–90%), respectively. This difference is not
significant (P < 0.05). In addition, among the 339 poor
responder patients we made a comparison between
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those 200 who received a salvage post-operative che-
motherapy with drugs different from pre-operative
ones, and those 139 who had a post-operative treat-
ment equal to that used before surgery, and we found
rates of DFS and OS surprisingly higher for the sec-
ond group: DFS = 46.0% (95% CI 29–65%) versus
58.9% (95% CI 51–66%), P < 0.024; OS = 58% (95%
CI 52–75%) versus 71% (95% CI 64–79%), P < 0.022.

Evaluating the 5-year DFS according to the histolog-
ical response to chemotherapy and different osteosar-
coma subtypes (Table 4), good responders with
osteoblastic and telangiectatic tumour variants had a
significantly better prognosis than those with fibroblas-
tic, chondroblastic and no classifiable tumours.

3.4. Local recurrence

Local relapses occurred in 50 patients (5.7%), 51–20
months (median 25.9 months) from the beginning of
treatment. In all but two cases local recurrence was
combined with systemic relapse. In 19 patients local
recurrence occurred from 3 to 28 months (median = 8
months) before metastases, in 13 metastases were diag-
nosed 4–32 months (median = 11 months) before local
recurrences and in 18 cases local and systemic relapses
were contemporary. The rate of local recurrence was
3.3% for amputated patients, 5.4% for the rotation
plasties and 5.9% for patients treated with limb sal-
vages. These differences are not statistically significant.
The rate of local recurrence significantly correlated
with the surgical margins: local recurrences were
3.6% for the 811 patients with radical or wide margins
Table 4
Five-year disease-free survival according to histological response to chemoth

Osteosarcoma subtype Number of cases (total = 881) DFS in

Osteoblastic 574 63
Chondroblastic 85 64
Fibroblastic 76 83
Telangiectatic 62 81
Not classifiable 78 78
Others 6 50

NS, not significant.

Table 5
Results according to histological response

Good responders (5

5-Year disease-free survival (DFS) 68%
5-Year overall survival (OS) 78%
Systemic relapse 29%
Local recurrence 4.6%
Mean time to relapse (months) 26
Patients alive and free of disease after relapse 26%
Mean time to death (months) 41
and 24% for the 70 patients with marginal or intra-
lesional margins (P < 0.0001). No significant differences
were found according to the histological response to
chemotherapy, in fact the rate was 7.4% (25/339) in poor
responders and 4.6% (25/542) in good responders
(P < 0.11). Seven local recurrences were observed in
the 132 patients with total necrosis.

3.5. Pattern of relapse

The 350 patients who relapsed did so for local
recurrence in two cases (0.6%), for local recurrence
plus metastases in 48 (13.7%) and with metastases
alone in 300 (85.7%). As reported in Table 5, the rate
of local relapses was the same for good and poor re-
sponder patients (4.6% versus 7.4%, P < 0.08). On the
contrary, the rate of systemic relapse without local
recurrences was significantly higher in poor responders
(50% versus 29%, P < 0.0001). The first site of metas-
tases was the lung in 305 patients (87.1%), other bones
in 33 (9.4%), contemporary in bone and lung in two
patients and other sites in eight. There were no differ-
ences in term of site of first relapse between patients
who were good and poor responders: the rate of first
metastases in the lung was 87.8% and 86.4%, respec-
tively. The average time to relapse was 21.3 months
(range 2–204), and it was significantly longer in good
responders in comparison with poor responders (25.7
months versus 21.4 months, P < 0.03). In addition,
the time to death in patients who died was signifi-
cantly longer in good responder than in poor respond-
ers (41.4 months versus 32.3 months, P < 0.004).
erapy of different osteosarcoma subtypes

good responders (%) DFS in poor responders (%) P

46 0.002
56 NS
70 NS
37 0.02
70 NS
50 NS

42 patients) Poor responders (339 patients) P

51% 0.0001
63% 0.0001
50% 0.0001
7.4% 0.08
21 0.03
22% 0.4
32 0.004
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3.6. Post-relapse outcome

After the first relapse, 25 patients moved to other
institutions for treatment and seven were lost to fol-
low-up. For the 318 cases treated and followed at our
institution the number of patients currently alive and
free of disease after 14–210 months from relapse was:
26.8% for poor responders and 26.1% for good respond-
ers. The 5-year DFS after relapse in these two groups
were 20.2% (95% CI 9–30%) and 19.8% (95% CI
2–39%). This difference is not significant.
4. Discussion

Treatment-induced pathological necrosis has been
proven a predictor of survival in patients who receive
neoadjuvant chemotherapy for osteosarcoma of the
extremities [1–10]. This study, performed on a large
number of patients treated in a single institution, whose
histological response to pre-operative chemotherapy
was evaluated by the same pathologists, confirmed this
result. At a multivariate evaluation, the outcome of pa-
tients was significantly related only to the grade of his-
tological response to chemotherapy and to the serum
level of AP. The rates of 5-year DFS and OS were sig-
nificantly higher in good responders than in poor
responders. This relationship between histological re-
sponse to pre-operative treatment and long-term out-
come suggested that the effect of chemotherapy on
the primary tumour correlated with its effect on micro-
scopic disease. Of the 881 patients evaluated, there were
542 (62%) good responders and 339 (38%) poor
responders. The rate of good histological response cor-
related significantly with the number of drugs used be-
fore surgery and with the histological subtype of the
tumour. Our evaluation was made given the data for
necrosis as percentage of dead cells with a cut-off level
of 90% of necrosis. A further division of our good
responders into patients with total necrosis versus those
with necrosis between 90% and 99% showed no signif-
icant differences. It is important to stress that the prog-
nostic significance of necrosis was valid for all but one
of the five different protocols used, with no differences
between protocols with a post-operative salvage chemo-
therapy and protocols with a post-operative treatment
equal to that performed before surgery. Thus, based
on our experience, the modification of chemotherapy
after surgery, first suggested by Rosen and colleagues
[1] and adopted by many others [3–5,7] does not seem
to provide any advantage. Many other authors have
also reported this same experience [5,15,17]. Nonethe-
less, the prognostic significance of histological response
to chemotherapy was not valid for all osteosarcoma
subtypes. In fact, in chondroblastic and fibroblastic tu-
mours the rate of DFS was almost the same for good
and poor responders. As a consequence, the rate of
good responder, chondroblastic patients is lower than
that of osteoblastic patients, as also reported previously
by others [12], but their final prognosis is the same. We
observed a longer relapse-free interval for good respon-
der patients, but, in spite of later relapses, the good
responders do not have a significantly higher probabil-
ity of long-term survival after the salvage treatment in
comparison with poor responders. Our study also
showed a significantly higher rate of limb salvages in
good responders (83% versus 93%, P < 0.0001). How-
ever it is important to remember that the current study
considered patients who were treated over long period
of time, during which the approach to osteosarcoma
patients underwent some changes. For instance, the
higher rate of poor responders was observed in patients
treated with the first protocol between 1983 and 1986.
At that time MRI and some reconstructive techniques
were not available for all patients. More recently, new
diagnostic techniques, new tools for reconstruction,
and increased experience and confidence with limb-
salvage procedures might have further benefited good
responder patients.

As regards local recurrence, the rate was almost the
same in good and poor responders. That seems to indi-
cate that the increased rate of DFS in good responders
is due only to the lower number of systemic relapses.
On the basis of our results, we conclude that in the neo-
adjuvant treatment of osteosarcoma all the effective
drugs must be employed pre-operatively at the highest
dose, in order to achieve the highest rate of good histo-
logical response. Addition of other drugs or changes to
post-operative chemotherapy regimens in poor respon-
der patients does not improve their outcome. Moreover,
surgeons have to be fully aware that the risk of local
recurrence is strictly connected with surgical margins
but not with histological response.
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